Purpose: Distal interlocking is regarded as an inherent part of the antegrade humeral nailing technique, but it exposes both the patient and surgeon to radiation, is time consuming, and has a potential risk of damaging neurovascular structures. We have presented our technique of diaphyseal humeral nailing without any distal interlocking in this paper.
INTRODUCTION
The advantages of intramedullary nailing (IMN) of acute humeral shaft fractures have been debated since the introduction of this technique. Acute fractures of the humerus have a good healing tendency with non-operative treatment, thanks to the excellent blood supply of the surrounding muscles; thus, functional bracing is still the treatment of choice in many trauma centers. [1, 2] When operative treatment is needed, plate and screws osteosynthesis has been the treatment of choice, [3, 4] and the overall tendency in the actual literature is to give plating a slight advantage over nailing. Very few studies have compared the complications and outcome of nailing versus plating, [5] [6] [7] all having important weaknesses, as there has been no consensus so far regarding either the fundamental principles of the humeral nailing technique (antegrade or retrograde, reamed or unreamed, static or dynamic) as well as to nail types (rigid or elastic) and other important technical aspects. [8, 9] Distal interlocking is regarded as an inherent part of the humeral nailing technique, but it exposes both the patient and surgeon to radiation while the passage of the locking screws is fraught with danger in a region that concentrates, in a relatively small volume, a multitude of major neurovascular structures. [10] [11] [12] These studies have shown that not only the radial and lateral cutaneous nerve but also the ulnar and median nerve as well as the brachial artery are at high risk when the lateromedial locking technique is applied. Numerous techniques and devices have been proposed to aid distal targeting in long bone fractures, in attempts to overcome some of the associated problems. [13] In humerus especially, the difficulties to obtain a true lateral view, the flattened, and slippery surface of its distal part and the relative narrow holes of the humeral nails are additional problems when a lateromedial approach is selected. [9, 14, 15] Many authors have proposed either an open lateromedial approach for direct vision or the use of anteroposterior screws only.
In our Shoulder and Elbow Department, nailing for acute humeral shaft fractures was introduced 25 years ago as the operative treatment of choice. We have already published good outcomes of antegrade IMN in a large group of selected patients regarding both shoulder function and union rates. [16, 17] Given the great potential for healing that humeral shaft fractures have, early in our practice, we used in selective cases (not included in this study) no distal interlocking in antegrade humeral nailing in order to reduce intraoperative time and potential complications and unnecessary exposure to radiation. Following accurate measurement of nail length, the nail was impacted 1-2 cm proximal to the olecranon fossa, at the cone-shaped diaphyseal flute of the distal humerus, ensuring rotational stability distally to the fracture area. No effort was made for a press fit application of the nail, as, in most cases, the nails were of small diameter. After the first encouraging results, we used this method in most cases of humeral fractures following a simple yet strict intraoperative and postoperative protocol. To our knowledge, this is the first report of antegrade humeral nailing, using solely rigid nails, without distal interlocking.
MATERIALS AND METHODS
In 1999, the senior author (M.T.) set off to use proximally locked only IMN for acute fractures of the shaft of the humerus. All patients who presented to our Emergency Department with an acute humeral shaft fracture between the beginning of 2000 and the end of 2009 and who underwent IMN were included in this study. Patient demographics and baseline characteristics were prospectively recorded: Gender, age, accident type, and energy level of trauma, localization of the fracture, fracture classification, concomitant injuries, intra-and postoperative complications including nerve palsies, length of hospital stay, and delayed union and non-union. Delayed union was defined as the failure of healing after 14 weeks and non-union as failure of healing after 24 weeks. On follow-up, all available patients were examined by two independent observers P.T. and A.K. Patients were interviewed concerning pain and shoulder mobility. Shoulder function was assessed in accordance with the constant score. The upper arm was X-rayed in two planes to confirm fracture healing and integrity of implants. The assessments of function were made at the latest postoperative visit, at a minimum of 2 years. From 2000 to 2009, 69 patients were treated with this method in our department. Exclusion criteria were young patients in whom growth plates were open, pathological fractures, non-unions or delayed unions, and fractures with preoperative radial nerve palsy whenever surgical treatment was indicated by the fracture type (except one polytrauma patient with radial nerve avulsion). Three patients missed the final follow-up and two died for reasons unrelated to the fracture, leaving 64 patients for the study. There were 33 male and 31 female with a mean age of 41.5 years (age range: 17-76). Traffic accident was the mechanism of injury in 39 cases and a fall from height in the rest. Twenty-one patients (33%) had multiple other injuries. There were 29 left-sided humeral fractures and 35 right-sided ones. Nineteen fractures (30%) were localized in the proximal third, 32 (50%) in the middle, and 13 (20%) in the distal third. A minimum length of 3-4 cm of the distal fragment was considered necessary for stable fixation. According to the OTA classification, [18] there were 36 type A, 22 type B, and 6 type C fractures. Especially in the last category (C), there were 4 segmental fractures (C2) and 2 comminuted (C1) fractures. Open fractures were also included (3 in these series) regardless of their degree according to Gustilo and Anderson classification.
The nails we used were always of the rigid type (UHN, Synthes and Russel-Taylor, Smith and Nephew, Richards) and had a diameter of 7 or 8 mm. Two different techniques of proximal nail insertion were used according to the type of the nail. At the final follow-up, no clinical differences of shoulder function were noted regarding the type of entry point. For the Russel-Taylor nail (34 cases), a modified extra rotator cuff entry point was used just 1 cm below the greater tuberosity. [17] The nail was inserted after minimal (4 cm) proximal reaming. For the UHN (30 cases), insertion was made after 1 cm incision of the rotator cuff, 1 cm medially to cuff insertion. Rotator cuff was repaired with a few sutures at the end of operation. In all cases, a small 2-cm incision was done at the fracture site and a finger was used to reduce the fracture. This maneuver not only facilitated nail insertion into the distal part of the humerus but also made sure that no soft tissues and nerves in particular were entrapped at the fracture site. Nails were inserted unreamed in the distal part and they were fitted as snuggly as possible into the medullary canal. In any case, the nail was slightly impacted into the distal part (1-2 cm). This impaction of the nail in the narrow distal medullary canal was very important, provided that an accurate measurement of nail length has been made. One proximal screw was inserted with a proper targeting device according to the technical guidelines of each nail. Intraoperative fluoroscopy was used to check entry point of the nail, fracture site, distal part of the nail, and proximal screws placement. The mean operation time was 70 min (range: 55-110).
Postoperatively, the arm was suspended in an envelope sling and the patient was advised to flex the ipsilateral elbow from the first postoperative day as many times a day as possible. Strict advice was given against any attempt at external rotation of the arm for the first 4 weeks. Sling was disregarded after a month, and the patient started active external rotation along with muscle strengthening exercises. At 6 weeks, exercises to improve external rotation were initiated that usually lasted for 2-3 weeks. Assisted forward flexion of the shoulder was encouraged from day 1 with care not to perform simultaneous external rotation of the affected arm. Further mobilization of the shoulder was done according to a protocol for cuff tear repair.
RESULTS
No infections or postoperative nerve palsies were noted. Patients stayed for an average of 7 days in the hospital (range: 3-19 days). In four patients, a nail of inappropriate length was used. In one case, it was too long, causing proximal protrusion and diastasis at the fracture site. It was exchanged with a compression plate 8 weeks postoperatively, as there was no sign of callus in the radiographs. In three other patients, the nail was too short and inserted deeply into the humeral head. A polytrauma patient with open grade III B fracture (avulsion of the radial nerve) was treated with a too narrow nail. The patient remained intubated in the ICU, and, after a month, the nail was exchanged with a larger one that was placed without any locking screws since callus formation was already apparent in the radiographs. At the same surgery, tendon transfer for radial nerve palsy was performed.
Patients were routinely reexamined at 3, 6, and 12 weeks and at 6 months. If three cortices appeared united at 12 weeks, the patient was allowed use of the limb freely, otherwise it was postponed until final examination. All fractures united by 4-5 months. By that time, all patients had regained their preoperative range of motion of the shoulder and elbow. No patient required additional physiotherapy done by an expert. Mean follow-up period was 6.5 years (range: 2-10 years). Using the constant score, 52 patients had an excellent shoulder function (81.2%), 8 patients very good (12.5%), 2 patients fair (3.1%), and 2 poor (3.1%). Figures 1-4 show different types of humeral shaft fracture and the final radiological and clinical evaluation. As our policy is not to remove any implant from the upper limb unless specific indications exist, nail removal after union was not done to any patient.
DISCUSSION
Both locking nailing and locking plating are methods of choice for fractures of the proximal and middle third of the humerus. A large series [19] failed to find any significant difference between the two methods in fractures of the proximal third. Likewise, a meta-analysis comparing compression plates with locking nails for humeral shaft fractures did not reveal superiority of one method over the other. The same study showed that the risk of reoperation and shoulder impingement might be higher with nails, but evidence was inconclusive. [20] Again, similar results were found for fractures of the middle third treated with rigid antegrade or retrograde nailing, the latter proposed for patients with wide medullary canal and preexisting shoulder problems. [21] The main problems of antegrade nailing for humeral fractures are three: Violation of the rotator cuff, soft tissue injury around the shoulder, and distal locking. Modifications of the surgical technique with sophisticated nail designs have been proposed in order to overcome problems of the cuff, but no further studies have validated these proposals. [17, 22, 23] It should be noted though that shoulder dysfunction may also occur after conservative treatment or plating or retrograde nailing. [2, [24] [25] [26] Delicate tissues are vulnerable at the insertion of proximal screws, as indicated by many studies. [27] [28] [29] [30] Nails that do not use proximal locking have been proposed, but they are associated with less stability and are considered more effective if their entry portal is closer to the fracture site. [8, 9] Proximal and distal locking are integral elements for rotational stability of an IMN. Yet distal locking is associated with some problems: Lateral view of the humerus is not easily obtained, locking holes are narrow, the lateral surface of the humerus is "slippery" and the danger of injury to the radial nerve and other vulnerable structures lurks. [8, 9, 31] Success of commercial targeting devices is still inconsistent.
Since it seems that little can be done to solve problems of distal locking, we tried, if possible, to skip it. In our first cases (not included in the series), we found that the nail can be impacted into the distal humerus, which has a cone shape configuration of the distal medullary canal. That impaction along with snug insertion of the nail provided some initial intraoperative stability. On the other hand, a standing person performs elbow flexion with the arm in 30° to 45° of internal rotation. Therefore, when a patient is advised postoperatively to flex the elbow, he/she does it in the same direction, thus protecting it from unnecessary external rotation. Recommendation against external rotation is easily followed by the patient as it causes pain. The authors think that muscle exercises with frequent elbow flexion enhance healing of the fracture by applying further compression at the fracture site. By the end of 4 weeks, fibrous callus has been formed and the patient is allowed to move the arm more freely.
It must be mentioned though that this technique is deceptively easy. Two issues require particular attention. Proper length of the nail is critical because too short nail may not allow impaction into the distal part or lead to deep insertion of the nail into the humeral head, rendering potential removal of the nail extremely difficult. On the other hand, too long nail may keep the fracture ends apart and cause impingement of the shoulder. The effort to insert the nail snuggly in order to increase stability requires particular attention as it may protrude into the olecranon fossa or may cause iatrogenic fracture or propagation of the fracture. We do not use any preoperative landmarks for the calculation of the accurate length of the nail. The use of a second guide rod of the same length facilitates measurement, and the length is estimated taking into account the type of the fracture and especially the presence of fracture gap before nail application. Usually, a slightly shorter nail is better as this can be inserted a little bit deeper in the humeral head. The new designed nails (Smith-Nephew) have a special measurement device that can estimate the appropriate length with great accuracy. There is no doubt that, with proximal and distal locking, the patient can regain almost full range of motion soon after surgery as stability has been secured. On the contrary, patients in our series had some restriction regarding postoperative mobilization. However, our results are comparable to those of other series with IMN of the humerus. [32] The interesting finding of this study is that, except for the patients with the complications mentioned before, all other fractures healed uneventfully. In contrast to recent biomechanical studies, [33] which have shown that non-interlocked nails are inferior to interlocked ones in rotationally unstable humeral fractures, the proposed method seems to be a promising operative procedure regarding union rates, reduction of operative time, radiation exposure, and iatrogenic nerve injury, but some limitations still exist. The study was retrospective, without control group and concerned a relatively small number of patients, but one must consider the healing ability of humerus when treated conservatively and the small percentage of patients who finally need surgical intervention. Other weak points include the potential failure of fixation stability, the need of technical expertise, and the restriction in postoperative mobilization. A biomechanical testing of rotational stability and bending stiffness in cadaver humeri, which is ongoing in our department will probably attest the good clinical outcome of the proposed technique.
